Study Design: Nonexperimental. Objective: To investigate the intertester and intratester reliability of a battery of function-related tests in patients with shoulder pathologies and associated reduced range of motion. Background: A battery of function-related tests has the potential to complement assessment of functional limitation in patients who have shoulder pathologies. Methods and Measures: Three function-related tests (hand to neck, hand to scapula, and hand to opposite scapula) were conducted on 46 patients with shoulder pathologies, and 46 age-and gender-matched control subjects. The tests were performed by 2 independent physiotherapists to test intertester reliability. Intratester reliability was examined by investigating the reproducibility of the tests performed twice, with 3 to 5 days between tests, by the same physiotherapist. Comparison of the scores on the function-related tests between patients and controls was evaluated. A correlation matrix was calculated to test the level of association among the tests. 
S
houlder-related dysfunction is a common health problem, for which adequate outcome measures to document functional deficits and monitor outcomes are still lacking. 2, 8, 11, 15, 16, 17, 18, 20, 22 Traditional impairment measures have been reported to have insufficient reliability 4, 7, 9 and validity. 7, 18 Inconsistent relationships are also found among measurements of range of motion (ROM), strength, and function. 2, 4, 7, 9, 18 Given the inadequate reliability and validity of impairment measures, functional outcome measures are often used as the primary mean of evaluating effectiveness of intervention in patients with various shoulder pathologies. 8, 17, 20, 21 Although patients' self-reports of functional status are generally reliable and valid outcome measures, 8, 17, 20, 21 they may have specific limited applications. Based on the review of 11 self-report scales for the assessment of functional status of the shoulder, Michener and Leggin 14 indicated that each selfreport measure has unique characteristics and that investigators must ensure appropriate use of the scale for the sample/ population of interest in the study being conducted. 14 Cook et al 3 investigated the reliability of 4 selfreports of shoulder function and suggested that the University of California at Los Angeles (UCLA) Shoulder Scale is inappropriate for use in individuals who did not have surgery because of low reliability. 3 Additionally, self-report measures may also be subject to perceptual differences because function is influenced by psychological, social, environmental, and physical factors. 6, 19 Accordingly, a battery of function-related tests has the potential to complement functional outcome assessment in patients with various shoulder pathologies.
Functional measures appear to be helpful for their objectivity in measuring shoulder dysfunction. Mannerkorpi et al 13 used hand-toneck as well as hand-to-scapula tests to assess the status of shoulder dysfunction in patients with fibromyalgia and demonstrated significantly decreased performance in comparison with healthy subjects. However, reliability and validity of the tests have not been established for patients with other shoulder pathologies. Hand to neck (shoulder flexion and external rotation)* 0
The fingers reach the posterior median line of the neck with the shoulder in full abduction and external rotation without wrist extension 1
The fingers reach the median line of the neck but do not have full abduction and/or external rotation 2
The fingers reach the median line of the neck, but with compensation by adduction in the horizontal plane or by shoulder elevation 3
The fingers touch the neck 4
The fingers do not reach the neck
Hand to scapula (shoulder extension and internal rotation) † 0 The hand reaches behind the trunk to the opposite scapula or 5 cm beneath it in full internal rotation. The wrist is not laterally deviated 1
The hand almost reaches the opposite scapula, 6-15 cm beneath it 2
The hand reaches the opposite iliac crest 3
The hand reaches the buttock 4
Subject cannot move the hand behind the trunk
Hand to opposite scapula (shoulder horizontal adduction) ‡ 0
The hand reaches to the spine of opposite scapula in full adduction without wrist flexion 1
The hand reaches to the spine of the opposite scapula in full adduction 2
The hand passes the midline of the trunk 3
The hand cannot pass the midline of the trunk * This test measures an action essential for daily activities, such as using the arm to reach, pull, or hang an object overhead or using the arm to pick up and drink a cup of water. † This test measures an action essential for daily activities, such as using the arm to pull an object out of a back pocket or tasks related to personal care. ‡ This test measures an action important for daily activities, such as using the arm to reach across the body to get a car's seat belt or using the arm to turn a steering wheel.
Function-related tests of shoulder dysfunction reflect individual capabilities and serve as a complement to self-report of function. However, lack of information on their reliability and validity necessitates the investigation of their measurement properties. The primary objective of this study was to evaluate the intratester and intertester reliability of 3 tests: hand to neck, hand to scapula, and hand to opposite scapula (Table 1) . We believe that the components of the tests are fundamental to activities of daily living. The second objective was to compare the performance of a group of patients with shoulder pathologies and a group of age-and gender-matched control subjects on those 3 tests. We hypothesized that the control group would perform better than the group with shoulder pathologies, establishing the ability of the tests to measure functional deficits. The third objective was to explore the level of association among the 3 tests. We hypothesized that the level of association among tests would be low, based on the assumption that each test measures a different aspect of shoulder function.
METHODS

Subjects
A sample of convenience consisting of 46 patients with various shoulder pathologies was recruited from an outpatient clinic at a university hospital. Criteria for participation in the study included (1) being at least 18 years of age, (2) limited ROM in 1 shoulder, and (3) pain in the shoulder region. The specific exclusion criteria were (1) a history of pain in the elbow, wrist, or hand within the preceding 2 months, (2) receiving a cortisone injection in the affected shoulder the day of the appointment, or (3) changes in activities in the period of time between tests. For comparison of functional limitations between the patients and control subjects, 46 age-and gendermatched control subjects were also tested ( Table 2 ). The control group was a convenience sample that was primarily comprised of healthcare workers and subjects without shoulder pathologies from an outpatient clinic. All subjects reviewed and signed an institutionally approved informed consent document before participating. The protocol for this study was approved by the Research Ethics Committee of the National Taiwan University Hospital.
Study Design
This was a nonexperimental research design. The intertester and intratester reliability of 3 functionrelated tests were investigated. During the first visit, each subject was evaluated by 2 physiotherapists to 6.7 ± 5.5 -* Patients were diagnosed with adhesive capsulitis (n = 16), rotator cuff injury (n = 12), impingement (n = 10), or fracture (n = 8).
Diagnoses were made by physicians based on history, physical examinations, special tests, and radiographs. † Range of motion was measured by a physical therapist at the beginning of the session using standard guidelines for range-ofmotion measurement by using a hand-held standard universal goniometer (Ever Prosperous Instruments, Inc, Taipei, Taiwan). ‡ Pain was measured at the beginning of the session during the end range of movement. determine interrater reliability. To avoid carryover of symptoms, a 20-minute rest was allowed between tests. The physiotherapists were blinded to each other's results. The physiotherapists had a minimum of 5 years of clinical experience. To establish intratester reliability, all subjects were re-evaluated 3 to 5 days later by the same therapist. All subjects (patients and control group) underwent the same process. The order of the tests and order of testing for the therapists were randomly assigned.
Function-Related Tests
Three tests (Table 1 and Figure 1 ) were selected for evaluation because of their relation to the performance of daily living. For the tests, patients stood and moved their hands to the target positions (the posterior aspect of the neck, the posterior aspect of the back, and the opposite scapula).
Data Analysis
For the intratester and intertester reliability, weighted kappa statistics were calculated. 1, 5, 10, 12 Intertester reliability was calculated using the measurements made by both therapists on the first visit. Intratester reliability was calculated using the measurements made on 2 different days by the same therapist. Landis and Koch 10 criteria were used to interpret the coefficient values. Strength of agreement was interpreted as follows: 0.00, poor; 0.00-0.20, slight; 0.21-0.40, fair; 0.41-0.60, moderate; 0.61-0.80, substantial; 0.81-1.00, almost perfect. We did not calculate reliability statistics on the control group because they all achieved the highest possible score.
The correlation matrix was created to determine the level of association among the 3 function-related tests in the patients with shoulder pathologies. The score obtained by tester 1 on the first testing occasion were used for group comparisons and correlation matrix.
RESULTS
All subjects completed all components of the tests. Characteristics of the study subjects and descriptive statistics of the patients' function are presented in Table 2 . The duration of symptoms (ranging from 2 to 28 months) and pain intensity (ranging from 1 to 8 out of 10) demonstrates the subacute clinical condition of the patients. A summary of the reliability results is presented in Table 3 , agreement (weighted Kappa statistics) ranged from 0.83 to 0.90. Figure 2 presents the histogram of the 3 function-related test scores for the patients with shoulder pathologies. All individuals in the control group were able to meet the highest level of function for all 3 tests. The correlation matrix (Table 4) demonstrates the correlations among the function-related tests. Correlation coefficients between hand in neck, hand to scapula, and hand to opposite scapula were between r = 0.64 and r = 0.66.
DISCUSSION
Function-related tests have the potential to contribute to clinical examination of patients with shoulder pathologies. Because function-related tests depend in large measure on patient cooperation and motivation, evaluation of the reliability and validity is needed. Thus we examined the reliability of a battery of 3 function-related tests in patients with various shoulder pathologies. 
Hand to Neck
Hand to Scapula
Hand to Opposite Scapula
Hand to neck 1.00 --Hand to scapula 0.66 1.00 -Hand to opposite scapula 0.64 0.65 1.00
Mannerkorpi et al 13 evaluated the reliability of hand-to-neck and hand-to-scapula tests in patients with fibromyalgia and found good reliability for the hand-to-scapula test. Similar to their findings, the test battery in our study had high intratester and intertester reliability in assessing functional limitations in patients with various shoulder pathologies. However, for their low reliability (kappa = 0.40) of the hand-to-neck test, they suggested that further standardization of the test is needed for use in patients with fibromyalgia. It seems likely that the different results are due to pain, which may have more impact on the test performance in patients with fibromyalgia (mean perceived pain was 4.5) than in our subjects (mean, 3.4). Thus, our results indicated that our measures can be used reliably and incorporated into standard clinical practice in patients with various shoulder pathologies.
Moderate correlations among hand-to-neck, handto-scapula, and hand-to-opposite-scapula test results indicate that the measures do not assess exactly the same aspects of shoulder function in patients. Magermans et al 12 described the required shoulder ROM to perform upper extremity activities of daily living. Similar to their tested activity (combing hair), the hand-in-neck movement in our study is more reflective of a combination of shoulder flexion, abduction, and external rotation. Comparable to their tested activity (perineal care), the hand-to-scapula movement in our study is more reflective of a combination of shoulder extension, adduction, and internal rotation. The hand-to-opposite-scapula movement, like washing the contralateral axilla activity, is more reflective of a combination of flexion and horizontal adduction. It is likely that patients were differentially challenged by the function-related tests used in this study.
The limitations of the study should be noted. Although the test battery is believed to be comprised of movements fundamental to activities of daily living, the direct relationship between our test battery and activities of daily living cannot be assumed. Additionally, endurance, fatigue, and movement efficiency were not considered in the development of our test battery. Thus, the test battery cannot be used alone for assessment or outcome measures in patients with various shoulder pathologies. We believe, however, that this test battery and self-report of function assess different components of the function construct. These methods are complementary and should be used together in clinical practice and research. The subacute clinical condition of our subjects also limits generalizability outside of this subacute condition.
CONCLUSION
The function-related tests in this study were easy to administer and interpret for the testers and straightforward to perform for the patients with various shoulder pathologies. The tests were reliable and they can easily be incorporated individually or as a battery 
